ABSTRACT
The techniques conventionally used in the treatment of burn wounds vary according to the extent of the lesion, affected body area, age and previous individual health status. Prevention of infections, removal of necrosis, and grafting procedures are routinely used to treat such wounds 4 .
In full thickness burn injuries surgical debridement followed by occlusive dressing are generally used in most clinical centers dedicated to the treatment of these lesions. Moisturizing agents such as glycerin and microbicides as 2% silver sulfadiazine are incorporated into the occlusive dressing to promote the healing process and prevent infection 5 .
While the outcomes in burn wound injury treatments increased significantly in the last decades, as a result of developments in surgical, nursing and rehabilitation procedures, severe functional and cosmetic limitations are still highly prevalent in burn patient populations 6 . [16] [17] [18] .
Considering the need to develop interventions which address the reduction of fibrosis, restrictions in tissue mobility, aesthetic deformities and functional limitations in full thickness burn injuries, this study aimed to compare the microscopic, macroscopic and morphometric effects between the treatments with SVF applied intradermally and occlusive bandages with 2% silver sulfadiazine in experimentally induced full thickness burn wounds in rats.
Methods
The study was approved by the Ethics Committee on the use of animals from the Universidade Federal de Goiás (protocol Number 035/13).
Stromal vascular fraction preparation and injection procedure
One day after the burn procedure, euthanasia of the donor animal was performed (lethal injection of thiopental sodium 100mg/kg) followed by the removal of the visceral adipose tissue by surgical dissection. 
Full thickness burn procedure
After local preparation of the dorsal skin, shaving and antisepsis, the animals were anesthetized with 0.01ml/g of Ketamine 10% and 0.03ml/g of Xilazine 2%
via intraperitoneal. Afterwards, the full thickness thermal injury was induced by the immersion of this region in boiling water as described by Morais et al. 19 . Briefly, each
animal was placed inside a PVC (polyvinyl chloride) plastic cylinder with a 2x2 cm opening and sealed extremities, 
Animals and treatment
Thirty male adult Wistar rats weighing between 300 and 350g were used in this study. Adipose tissue extraction was made once in each experimental series with durations of 3, 7 and 30 days, with a total of three animals used as donors. Each experimental group was composed by five animals. Each experimental group received treatment after the debridement procedure, 2 days after the injury induction. The 2% silver sulfadiazine group (CT) received occlusive bandages with sterile gauze impregnated with glycerine and 2% silver sulfadiazine. The stromal vascular fraction treated group (SVF) received occlusive bandages with sterile gauze impregnated with glycerine and injections of stromal vascular fraction at a concentration of 5 x10 5 cells/ml. The injection procedure was made only once after debridement in SVF group and bandages were change in each group daily during the experimental series. The animals euthanasia was performed at each experimental day with a lethal injection of thiopental sodium 100 mg/kg followed by collection of material for microscopic examination and photographic register of the injury for morphometric and macroscopic analysis.
Macroscopic evaluation
After euthanasia, wounds were photographed and the component phases of tissue repair such as inflammation, proliferation and maturation 19 were macroscopically examined.
Parameters of hyperemia, necrosis, hemorrhage, crust formation, tissue granulation and fibrosis were graded as absent (score 0), discrete (up to 25% of committed area, score 1), moderate (from 26 to 50% of committed area, score 2) and accentuated (more than 50% of committed area, score 3) in a semi-quantitative form. Examination was performed by the same researcher, blind to group allocation. The results were expressed in mean ± standard deviation.
Morphometric evaluation
Wound photographs were analyzed using the ImageJ software (National Institute of Health; version 1.3.1). Wound areas were circulated by the researcher without knowing the group allocation, and the contraction level was calculated using the 
Statistical analysis
Statistical analysis was performed with the SigmaStat 
Results

Macroscopic results
General pathologic process associated with inflammation, proliferation and maturation phases were observed in days 3, 7
and 30 respectively ( Figure 1 ). Statistically significant differences were found between the CT group and SVF group regarding necrosis formation, which was significantly increased in the CT group at day 3 (p<0.05). Other parameters such as crust, hemorrhage, hyperemia, granulation tissue and fibrosis did not present a macroscopic difference when comparing both treatments (Table 1) . 
Microscopic results
Fibrin formation, polymorphonuclear infiltration and fibroblast content were significantly increased in the SVF group compared to the CT group at day 3 (p<0.05) (Figure 2 ).
The mononuclear infiltration, angiogenesis, fibroblast content and collagen deposition were significantly increased in the SVF group compared to the CT group at day 7 (p<0.05). 30 days after burn injury induction hyperemia and collagen deposition were significantly increased in the SVF group compared to the CT group (p<0.05) ( Table 2 ). Collagen disruption and hemorrhage did not present significant differences between the treated groups during the experimental days. 
Morphometric results
No significant difference was observed between the SVF group and the CT group regarding the wound contraction levels at days 7 and 30 (Table 3) . 
Discussion
This study demonstrated that the stromal vascular fraction A significant increase of fibrin and fibroblasts in the SVF group compared to the CT group at day 3 was also observed. Evidence suggests that fibronectin binding to fibrin 25 and ADSCs paracrine secretion of growth factors such as platelet derived growth factor (PDGF) and basic fibroblast growth factor (bFGF) could be possible associated mechanisms leading to the observed effect 26 . 
Conclusions
Intradermally applied SVF have improved full thickness burn wound healing in rats when compared to occlusive bandages with 2% silver sulfadiazine through amplification of the initial inflammatory episode, have increased fibroblast migration and collagen production. The improved wound healing process observed in this study showed that therapeutic application of cells extracted from adipose tissue could have a significant role in burn wound care.
